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SHE_DECISIVE INFIVENCE ‘OF LATE WINTER WEATHER. 


ONWHEAT LEAF RUST EPIPHYTOTICS 


Plant Disease Reporter 3 


‘On the ‘basis of an enalysis of winter-and spring weather during 23 
years of severe, moderate, and light wheat leaf rust (Puecinia triticine 
-Eriks,) infection in Oklahoma (Pl. Dis. Rep. 26:213-217), the writer in 
1942 .suggested that leaf rust epiphytotics might be predicted by the end 
of March in Oklahoma, a time at which leaf rust is ordinarily inconspicu- 
_-ous,-.2 1/2. months before harvest, in ample tine to permit a modification 
of spring planting plens when a severe rust epiphytotie threatens, The 
basis for such prediction is an analysis of winter and March temperatures 
and precipitation, and disregards the weather of April, May, and June, 
the months. during which leaf rust attack becomes apparent to the casual 
_ The. purpose of this report is to present findings with reference to . 
Several cognate problems, viz, (1) application of the method of leaf rust 
prediction in the 19j2 and 1943 seasons in Oklahoma, (2) suitability of 
the method for more northern parts of the United States, and (3) explana~ 
. tion of the significance of the December-March period and the non-signifi-~ 
cance of .the April-June period in Oklahoma (or the counterparts of these 
periods in other latitudes} in terms of the annual cycle of leaf rust. 
In the May 15, 1942 issue of the Plant Disease Reporter, on the basis 
of exceptionally dry weather from December through March, and despite a 
pecord-breaking April rainfall for Oklahoma of 0.31 inches, the writer 
predicted that 1942 would not be a year of severe leaf rust. That this 
opinion was not share@ by other workers, who were inpressed, by the heavy 
April rainfall at the time the rust was appearing, is evidenced by a re- 
"port from Kensas dated May 22 (Pl. Dis. Rep. 26:240) that “there is evi- 
dence that another severe epiphytotic of leaf rust of wheat’ is rapidly 
developing in the southern and central plains area." On June 15, however, 
the writer's prediction of a month before was borne out, when the Kansas 
report of that dete stated that "the threatened leaf rust epiphytotic on 
winter wheat in Kansas failed to materialize, owing to unusually cold 
weather during May and early June." ‘The fact thet 1942 proved to be a 
-light rust. year in Kansas, Oklahoma, and Texas vas vell established by 
harvest time, but that this was due to cold veather in May and early June 
_is not borne out by the facts. The official veather report for Kansas in 
1942 indicates that the average temperature for May was 63.2°F, (comparing 
with the long-time average of 64.0°F.) and for June 72.7°F, (comparing 
with the ‘long-time average of 73.8°F.), The temperatures were thus within 
about one degree of the normal temperatures for these months, and they 
could Have ‘been much lover without falling bolow the optimun range for 
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According to the late winter weather, 1943 was destined to be another 
yeer of slight leef rust demage in Oklahoma (See Table 1), Despite a 
mild winter, the average temperature. for-Merch which is 
below nomeal and well below the optinun for Lear rust miltiplication, 
Moreover the totel pretipttation for January’ through Nerch was only 2,72 
inches, which is 54 percent of. nomal.,,. ‘Shere was nearly as much rain in 
April as in the three previous months conbined, while May had a record- 
breaking 10.27 inehes of rain. The 1945 season did prove to be & year 
of minor lerf rust damage. By harvest tine whedt vas conspicuously ine 


but the atteck was too to result in more than a trace 
O8Se 


In doth ‘yeers; the fears of crop observers that failed to- netevielize. > 
were based on observation of weather conditions in April and May, all 
available evidence indic: tes that in the Southwest the conditions thet 
determine thie’ ‘séverity of leef rust are these of December through March, 
end the’ 19i2.8nd.1943 -se#sons: both bear out the writer's hypothesis. that’. 
in this’ latitude the weather from April onward will rerely, if ever, -pre- 
vent: an epiphytotic provided the late winter has been fevorable, or per= 
mit en: epiphytotic if. the lete winter hes been Mat for rust, 
Reesons for this vill. be indicated presently, 

It is of partieuler interest to determine. whomnad: the decinive influence 
of-lete winter weather on- wheat leaf rust in the southern Great Plains 
hes its counterpart in more northern parts of the wheat belt. 4 priori 
one would not mecesserily anticipate that this rould be the case, since 
the annual cycle of leaf rust in the North occurs under conditions thet 
very somewhet: from those in the Southvest. In the !Jorth there is less 
abundent over-intering of the. rust, oving to lover vinter temperatures, 
Spring reneval of the rust is leter, and is influenced to a greeter ex- 
tent than in the South by uredospores are fron 
vtrlier infected fields of the. South, - 

To investigate this point, the {t+tes of Illinois and: Ione. were select 
ed for conpérison with Oklahoma, since they are sufficiently far to the. - 
north that their sec sons are almost exactly one nonth leter than that of 
Oklehom, which si‘iplifies conpérison on the basis of average monthiy 
tompéretiires, the rionth ef March in Okla corresponding phenologically. 
to the month of April in Illinois and Iove The principal years of : 
severe leef rust danage, and the principal years of very lirht leaf rust, 
according to reports in the Plant: Di'sexse Reporter, vere selected for 
each State, excluding years of" conflicting reports or of serious conpli~ 
cation with, stem rust. The pertinent’ wedther data for late winter and 
‘spring im each of these yeurs are tabulated in Table 1, the corresponding 
sdasons being considered one month later “tn ‘TIova and Illinois than in 
Oklehoma. For Illinois the :ears 1922-1926’ vere ineluded bocause partio~ 
ularly detailed data are availa le regarding the ‘severity of rust 
in Tllinois during thoso years ae 


Note Table 7 ‘that the avorage: temperature for March in 
Oklshoma differs by less then 2°F, from the long-tine average temper- 
ature for me pe in Illinois and Iova, 

2/ Tehon, L. R, Epidemic diseases of grain erops in Illinois, 1922-1926. 

The meesure- of. their prevelénce’and destructiveness and en interpret~ 

ation of weather relations based on wheat leet rust data, Ill, Nat. 

Hist. Surv, 17:1+96, 1927 «is: 
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Considering first the years of severe rust, the average temperatures 
of late winter in all years for all States were normal or above normal, 
often considerably above. The average ternperature for March in Okle- 
homa and April in Illinois and Iowa in all cases was nomial or warmer 
than normal. For the period up to April 1 in Oklehoma ‘and May 1 in. 
Illinois and Iowa, in esch of these years of severe rust the precipi- 
tation was normal or above normal, If now we turn to the spring months 
in which leaf rust becomes obviaus, April and Nay in Oklehoma, and May 
and June in the more northern States, we find a striking lack of any 
correlation between temperature or precipitation and rust sevérity., In 
three of the years of severe rust in (Oklahoma and in one year each in 
Illinois and Iowa, the spring period was abnornally dry, while in 4 
other years of lest rust epiphytotics the spring was abnormally wet. | 
With one exception, 1935 in Illinois, the temperatures of these spring 
months were normal, 

In regard to the years of Lipht rust, abnornel ly low winter temper- 

8 atures in 1936 in Illinois and Iowa vere associrted with poor rust de~- 
velopment. In four adéébional cases the averare temperature of March 

in Oklahome or April in the North was clearly a limiting factor in rust 
development, these low average temperatures (43. 2°F. to 46.9°F.) being 
well belov the optimal range for leaf rust uredospore germination, Even 
more striking is the correlation betveen deficient precipitation in the 
late winter period and subsequent leck of rust intensity. In 14 out of. 
the 17 years of light rust, the late winter period was chrracterized by 

a deficit in normal preeipitation renging from 73 percent to 20 percent, 
The three years of light rust with only minor moisture deficits in lete 
winter were 3 of the 4 years vith abnornally low temperetures in March 
(Oklahoma) or April (Illinois, Iova), Hence, every year of light rust 
was @ year characterized by deficient late vinter moisture < or abnormally - 
low late winter temperatures or both, and no year of severe rust res 60 
Characterized. in the years of light Tust, | as in those of severe pust, 
there is again no correlation with either abnormal temperatures or ab- 
normal precipitation during the spring nonths, Little rust occurred 

4 shether the April-May period in Oklahoma or the corresponding Mey-June 

| period in Illinois and Iova expericneed 12.60 inches of rain (Oklahoma, 
1943, a 55 percent excess) or 3.73 inches (Illinois, 1936, less than ~ 
one-half -normal) or any excess or deficit betreen these oxtremes, There 
were few departures from nomal temperatures during the spring months, of =a 
these years of light rust end even these vere vithout significence since, 
both in the 14 normal yesrs end the 3 yorrs "ith temperature departures, 
greater than 5.5°F., the averare temperatures for the tro spring months 
were vithin the range of optinal leaf rust devolopment (55°-75°F.). 
Consider now tho mean temperature and moisture conditions’ for’ years 
= of severe rust in eonparison vith those of light rust for each State in- 
dividually. It is seen that on the averere the vears of sevore rust have 
average. lete winter tomperatures up to 4.9° highor, and March (Oklehoma) 
or April (Illinois, tcmpersturos slirhtly hirher than the veers. of 
light rust, and in particuler the severe rust years have late winter pre~ 
cipitations thet ere glmgst or more than double those of the years of 
light rust, On the contrary, there is conparstively little difference ‘in 
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. the mean spring temperatures or precipitations between the years of se~ 
‘vere rust and those of light rust for each state. 

' It was hoped to discover, in absolute terns of temperature and precip- 

itation, the conditions favoring or inhibiting leaf rust develonment re- 


rdless of latitude. This has not been possible. For example epiphy- 
otics qccurred in Oklahoma when the Januery-March precipitation was 


~.4e55 -(1919) .and 4.75 (1934) inches, values that for Oklehoma are not 
- significantly subnormal, while in Illinois, where the normal precipitation 
for the same phenological period is rmch higher, years of light rust were 
associated with late winter precipitations of 5 to 7 inches, amounts thet 
, are significantly deficient for Illinois but would represent excessive 
- lete winter precipitation in Oklahone. TIova is  eamuisenagaades: in this res- 
pect... 

The. greater amounts of peae ind tevion necessary to induce a leaf rust 
epiphytotic in Illinois ere not due to higher average tenperatures, which 
would readily dissipate the moisture. For corresponding phenologic per- 
iods the temperatures in Illinois and Oklahoma are very sinilar. 

The more probable explanation of this apparent difference in effect on 


_. rust of the absolute levels of precipitation deficits among the three 


States is @ psychological one. In Illinois, where the average winter and 
‘spring precipitation considerably exceeds thet of Oklahoma, wheat lerf 
- Tust.on the. average can be expected to be more severe. Estimates of crop 
damage by. diseases,. as reported in the Plent Disease Reporter, are for 
the most part the estimates of men whose observations are confined to a 
Single State. If a disease occurs ina riven State, e.g. Illinois, with 
great regularity and causes a greater or less anount of damage almost 
every year, the disease would doubtless be considered “light” when it 
was actually much more destructive then the sane severity of the diseaso 
would be considered in a State, e.g. Oklahoma, in which, duc to differont 
climatic conditions, the disease is nomally less destructive. In other 
words, referring to Table 1, the amount of and damage from leaf rust in 
. Oklahoma in 1927, a “severe” rust year for Oklohona, associated vith an 
excessive late winter rainfall for Oklahoma (6.30"), might be almost i- 
ep ee with the amount of and damage from leaf rust in Illinois in 1930, 
a "light" rust year for Illinois, associated vith a deficient lete win- 
ter rainfall for Illinois (6.26"). But since Oklehonma would record this 
as a “severe” rust year and Illinois would call it a “light” rust yoar, 
each term being correct for the confines and nornel conditions of the 
State involved in each case, it becomes necessary to cohsider each State 
; individually in interpreting leaf rust epiphytology. The principle that 
deficient wermth end precipitstion in late winter inhibit rust applies 
equally in each of the Ctetes considered here, but the amount of precip- 
itation thet is considered deficient in one State may be excossive in 
another. An analogous case is the classification of american Upland 


Table 1. «verage temporaturos and total precipitation in Oklahoma, Illi- 
~nois, and Tova during the late winter and early spring in the principal 
-yeers of severe and of light wheat lerf rust in each State. (Figures from 
U.S. Yeathor Burcau.) Precipitations underscored ere 20% greater (dotted 

- underscoring) or less (solid underscoring) than 50-yesr average. Tenper- 
atures underscored are 3 1/2°F. greater (dotted underscoring) or less 
(solid underscoring) than 50-year averarec, 
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cotton as’ "suscéptible” to: enmiler spot in the parts of 

the world where hirhly resistant Asiatic cottons are grown, while the' *'- 
Upland varieties are ¢lassed’as “resistant” in: areas | Mhere’ ‘the ' very" 
ceptible Island verieties are: cultivated. 

It seems’ almost. ‘paradoxical - that the weather at the when, leat rust, 
is readily apparent in wheat fields hds little to do with its 6nsuant, 
damage ‘the weather period during which rust can be found only 
by and” ‘pétient search is dominant in influencing its subsequent de- 
stYuction:’ Almost without exception, crop observers have attenpted to, eae 
correlaté rist dema;é> wi th the westher occurring efter the rust has. nade — 
its obvious ‘appearance, ‘and, as’ illustrated above if the discussion ese 
the years 1942 and 1943‘in-the Southwest, in many cases these attempts 
have led to ant erroneous conclusions. 4. striking exan of this 
is seen ‘in Tehon’ ‘study of ‘wheat ‘leaf rust in Illinois during” the H-year 
period 1922-192 The three yerrs of “destructive mist" were, -respect= 
ively, yéars°in which thé May-June period (that period in which rust be- 
comes apparent, ‘and which, according to the foregoing analysis is. in- { 
material in* relation to rust developnent ) was.in one case. ary and hot, 
in a second case wet and ¢old, and in the third case. normal. for tenper- me 
ature and precipitation. The two years in which. rust vas not destructive 
vere years in which the reinfall was only very slightly below. nornal and. 
the’ “temperatures were” normal during the May-June period. .Tehon concludes 
that serious rust is associr ted with either dry-hot or wét-cold weather. 
Referen¢e to “Table 1, which includes those yeers for Illinois shots that. 
this paradoxical situation is readily clarified by reference to the late 
winter’ ‘weather, in wiich the years of light rust were yeers ‘of deficient e 
moisture or low “temperatures in February-April. 

The explanation of the decisive influence of lete winter weather and 
thé negligible influence of spring woather on lerf rust destructivoness. iss 
can de found by examining the details of the annual cycle of the fungus AY 
and its énvironmentel requirements. Nin 

Puccinia tritic¢ina (P. rubigo-vora var. tritici) overvinters as my= 
celium in winter wheat with occasional uredial multiplication during me 
verm pertods in the rinter. Alternete hosts play no part in the over- 
nintering of the leaf rust fungus in the United States. On the average, . 
in late winter, | one may expect to find leef rust persisting to the ex- 
tent ‘of one uredinium por 10 to one per 1000 leaves, the amount being 
negatively correlated with the severity of the winter, resulting in. vin= 
terkilling of the wheat leeves and hence _ of the fungus, and positively. eS 
corrblated with mild periods in the winter, which permit occasiondl rust 
multiplication, and winter precipitation which is essential ‘to such. 
multiplicétion, or which fells as a snow cover thet protects infected . 
leaves from destruction by freezing. “he combination of those influences 
vill detérmine ‘the extent of overvintering whother to ‘the oxtent of one 
pustulc per-10-leaves or one per 10,000. 

Rust ordinarily is not noticeable to the casual observer until it hea..:.. 
reached the intensity of at lest 1 pustule per leaf. This vill be on: « 
the "first date of observetion" which on the average is in early April 
in Oklahoma, and May or early June in the latitude of Illinois and- | 


101, p. 89, legend’ end pertinent discussion, 
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fudtae and slightly later in Iowa, i. e. ‘at the end of the period of: 
late winter weather that is essential to rust destructiveness. ‘le may’ 
divide the course of spring renewal of leaf rust into two distinet | 
phases: (1) the late winter phase, in which the rust increases from 
the -least.amount that overwinters (e.g. 1 pustule per 100, 1000, or ~ 
10,000 leaves) to the amount of rust that first becomes readily notice- 
able (approximately 1 pustule per leaf); and (2) the spring phase in 
which the. rust increases from the first noticeable amount to its maxi- 
mum-for the season, which. may be somewhat nore than 1000 pustules per 
leaf. Each of these phases involves several successive generations, of 
uredial multiplication, and it is inportent to note that rust -multipli- 
cation proceeds as a logarithmic progression (x pustules —» x* pustules © 
x5 pustules. —>x4 pustules, etc.). in vhich the first generations of 
multiplication in late winter (eses from D1. pu pustule per per 1000 leaves to 


B pustule per leat) have fully the importance of of the spri z generations 


(e.g. fram 1 pustule per lesf to 1000 pustules per leaf). 

' The late winter generations must..occur in the presence of weather that 
is close to the lower thresholds for rust survival and reproduction. Lae 
This is particularly noticeable in the last month of the late wintér 
period, March in Oklahoma and April in filinois. and Iowa. During this 
month long-time average temperstures are fron Ao. to }2.2°F. in the 
3 States. . It is axiomatic that in grouth and reproduction organisns 
respond most strikingly to minor variations in. any environmental factor 
when the intensity of that factor is the least or nost that can be 
borne without serious in jury to the orgenisn, i.e. when it is at a 
threshold level. A temperature of 50°T. is of such an intensity, for” 
with a slight increase above, 50°. we reach the renge of optimal leaf 
rust multiplication, while with a corresponding decrease below 50°F, — 


‘the temperature becomes definitely unfavorable for leaf rust.. Marshall 


Ward reported that the minimum temperature for satisfacta y uredospore 
germination of P. triticina is 10°C, (= 50°T.). Noreover, several 
workers have noted with reference to the length of the incubation per~ ‘ 
iod of P, triticine that this period is about 7 days at optinal temper- 
atures but that at lower temperatures it requires 10 to 12 days’ (Yarkina) 
or even 20 days in winter in India (Mehta). Thus temperatures even 
slightly below the avcrages for the last month of the late winter period 
are doubly inhibitory to leaf rust, and toripers tures. slightly above the 
average are doubly beneficial to it. 

Similarly the precipitation of the late winter nonths is markedly less 
than that of the spring months in each of the States considered here. 

In addition the rust during the winter may be subjected to extremes of 
cold that in a Single night may reduce the rust population by 9/10 or 

99/100, thus necessitating additional generations of multiplication in 
order to reech the concentration it had before the freezing weather. 

In all of these particilars wo find thet during the late-winter phase, 
the leaf rust organism lives & precarious existence in an environment. 
in which slight departures from normal will turn the balance in the fa- 
vor-of or against the survival end increase of the rust, And since 
several gcnerations of rust multiplication must occur in late winter if 
the disease is to reach epiphytotic proportions in the spring, it is 
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readily apparent why. the late winter weather is decisive in influencing 
leaf rust epiphytotics. 

Quite the reverse isthe case in the spring months, April end May in 
Oklahoma and May and June in Illinois and Iowa, In the 35 veers of se- 
vere and light rust indicated in. Table 1, in no instance did the average 
temperature for the spring months lie ontside the optinal renege for leaf 
rust development. Furthermore, since these nonths are normally rainy 
months, we find that even in the seasons in which the spring rainfall 
drops below the long-tine average, moisture still is plentiful, in com- 
parison with the normal for the late winter nonths, and ample for leaf: 
rust development. in practically every year, loreaver, in the spring 
months, in contrast-to the winter ones, leaf rust multiplication is not 
entirely dependent on répeated uredial fenerations in any ¢given area of 
the Great Plains, since in the spring there’are two sources of inoculum, 
uredospores produced ‘locally end those that are brought in by the. “int a 
from more southern fields, 

Thus the.spring months, those in which rust becomes apparent, 
little effect in deciding the destructiveness of leaf rust in any riven 
year, The weather conditions in these months are regularly within the 
range favoring rust development, and hence we can understand the reason 


for the lack of correlation between spring weather and rust.intensity that — 


is evident from Table l-and from the data of Tehon and those of the 1942 
‘and 1943 seasons in the Southwest, The destructiveness of leaf rust ap- 
peers to be a direct function of its intensity at the close of the late 
winter period (April 1 in Oklahoma, May 1 in Illinois and Iowa) and this 
intensity in turn depends on the. extent to which the temperatures and 
precipitation of the late winter period have pernitted winter survival 
and successive generations of multiplication up to the opening. of the 
spring period. This situation is shown diegramintically in Figure l, 

In the figure the critical late winter and non-critical svring periods 
are indicated. In the latter there is no variation in the slopes of the 
curves of rust intensity in accordance with the conclusion that rust 
multiplication proceeds fairly regularly during this period in virtually 
all seasons, since both moisture and teriperatures are regularly within 
a broad optimel range. The intensity of ultinate rust developnent end 
the extent to which it canses crop loss, are direct results of the de- 
gree of infection on April 1 (for Oklahona), which, es shown in the fig- 
ure, depends first on the extent of reduction of infection due to winter 
killing (curves from December to March 1) and second on the extent to 
which March tenperatures and precipitation are favorable. ‘hile the 
velues for rust intensity and the slope of the curve of a "normal rust 
year" have been arbitrarily selected, they approximate the actual values 
and slope for Oklehone. Thus in the “normal year" in Oklahome one can 
find about 1 rust pustule per 10 leaves on March 1, which increases to 
about 1 pustule. per leaf by April 1, end to about 1000 pustules per 
leaf just before maturity of the crop, producing a crop loss of 5 per- 
cent. In the epiphytotic year 1933 the rust wes very conspicuous on 
April 2, The uppermost leaf reached she 1000-pustule stage at or short- 
iy after heading of the wheat, end the crop loss was estimated at 29 per- 
cent. 
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Figure le Diagremmatic ropresentation of the effect of Leta waaies weather in 
inf luencing the destructivensss.of wheat leaf rust. Discussion in the text. 
Notes: a, 1000-pustule stage in which virtually all leaf tissue has been de- 
stroyed; in passing through fields one's clathes are reddened by the great 
quentities of uredospores; b, stage in which rust usually becomes noticeable 
to the casual observere 
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The leads. to the following actical considerations: 
pointed out previously (Pl, Dis. famine 3215-217), assurance of 


en impending severe leaf rust epiphytotic 2 1/2 m months before maturity of 
the wheat crop enables growers to modify cropping plans in tine to avert 
serious losses from the disease. Under sane circumstances it might prove 
Gdvisable, in such a case, to harvest the crop as hay and recover the 
loss thet would otherwise oecur by using the lend for corn, cotton, or 
summer legumes, since some such crop could be planted sersonebly after 
the date on which it becomes evident that severe leef rist losses sre in- 
evitable. ‘/hile harvesting rusted wheat for hay nay seem to be an ex- 
treme measuré, such sélvage:' of the crop is amply justified by the many 
cases on record in which leaf rust. has resulted in harvest returns too 
small to pay for the harvesting and in which unharvested fields have been 
plowed under too late for either salvage as hay or planting of substitute 
crops. 

Regarding the value’ of ‘seabet wheat foliere as hay, there is convincing 
evidence that- wheat folixge affected by lenf rust contains much more pro- 
tein than normal wheat foliage. Bolley end Pritchard in 1906 (IN. D. Agr, 
Exp. Sta, Bul. 68) cited Cenadian tests that disclosed 7.65 percent pro- 
tein in rusted plants as ‘compsred with 2.44 percent in healthy ones. In 
an extensive and careful series of determinations in Germany, Gassner and 
Franke in 1930 (Untersuchungen tiber. den Stickstoffhaushalt rostinfizierte 
Getreideblétter. Phytondth, Yeitschr. 11:517-570,) found that 3 weeks 
efter inoculation with leaf‘rust there was 21. times es much soluble ni- 
trogen, 10 times as much protein nitrogen, and 16 tines as much total 
nitrogen as in healthy plents. This proportionate increase in nitrogen 
with disease was not merely!a relative incresse (due to ebsolute decrease 
in other constituents of the plant) but inciuded en absolute nitrogen in- 
crease as compered with hea}thy plents. [For this-reason the use of leef- 
rusted hay as a superior source of protein deserves study in livestock 
feeding experiments. according to Eril-:sson and Henning, Bolley and 
Pritchard, and arthur, rusted wheat hay is non-toxic to livestocl: and is 
eaten with great relish when properly cured. 

2. It ts well knom thet leaf rust can be combntted by dusting the 
crop with sulfur dust. This has great value in certrin types of agronomic 
and phytopathological field experiments. In addition, recent tests of 
sulfur dusting of wheat by airplane have shom thet under conditions of 
heavy rust infection, the sulfur trestnent has more than paid for itself 
in increased yields. ‘vhen the present nilitary need for eairplenes and 
pilots is ended, their services will be availiable to frrmers in such 
peace-tine pursuits as crop dusting. It is entirely possible that in the 
course of time, in localities and seasons of ample rreinfell, when poten- 
tial yields are high end the cost of the dust trestment represents a pro- 
portionetely smell part of the potential harvest value, sulfur dusting 
of cereais will become adopted as a standard agricultural practice. 

Workers who have experimented with sulfur dusting for rust control have 
frequently noted thet rust control and yield incresses from dusting are 
not apprecieble if the dust is not applied well before the disease be- 
comes abundant. The foregoing analysis of the relation of late winter > 
veether to:lesf rust indicates the retson for this. «ccording to this 
analysis the dust applications in late winter, when the crop is in the 
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rosette stare and leaf rust is present only in very smell amounts, may 
be expected to have greatest rust-preventive effect, and this should be 
considered in experimental or practical cereal dusting. Not only is 

this the most important period for checking rust development, but it is 
e@lso a period at which the cost of the chemical is lowest, since there 

is less foliage to be protected than leter in the season, 

4- In tests to deternine varietal or strain resistance of whent geno- 
types, in connection with breeding for leaf rust resistence or attenpts to 
include such resistence in develoning improved wheat varieties, it becomes 
necessery in dry seasons to resort to ertificial vatering in order to in- 
duce sufficient rust so thet\ rust observations in the nurserv sre signifi- 
cant. Since adequate moisture in late winter hes been found indispensable 
to severe leaf rust development, while the reinfall of the spring nonths 
is normelly adequate for such developnent, it follows thet the ereatest 
effect of artificial watering in experinentally increesing the rust will - 
be obtained in correcting lete-winter «: ter deficits, e.g. in February 
and. March in the letitude of Oklehona, rather than in attempting to remedy 
such deficits by applying water as the cron approaches maturity. 


Surmary 


That the subsequent intensity and destructiveness of wheat leaf rust 
(Puccinia triticina Eriks.) is determined alnost entirely by the temper- 
atures and precipitation of late winter (Decerber throurh March in Okla-~ 
homa; December through April in Illinois «nd iowa), and that the veather 
of the two following spring months, those in which rust becones obvious, 
has very little decisive effect on lenf rus<% developnent, is shown to be 
the case in 16 princinal leaf rust years end 17 principal years of rela- 
tive freedom from leaf rust in Oklahona, Illinois, and Iowa. “This also 
explains the apparently inconsistent relationship of spring weather to 
rust in the Southwest in 1942 and 1945. and in Illinois in 1922-1926, 
this seemingly paradoxical westher-rust reletionship is due to the fact 
that leaf rust must increase from its lowest winter prevalence by a log= 
arithmic series of uredinial generations. ‘The first of these generations 
occur-in late winter at a time when the absnlute unmount of rust is so 
small that it is not apparent to the casual observer. In this period 
temperatures and precipitation are so near the lower threshold pernit- 
ting rust multiplication that ninor deviations of weevher turn the balance 
in favor of or against rust multiplication. This deternines the preva- 
lence of rust at the opening of Suring, after which tine weather devietions 
have little effect in accelerating or reterding the logsrithnic increese 
of rust, since the norms of precipitetion snd ternpereture in the spring 
are so far within the optimal range for leaf rust reproduction thet sea- 
sonal varietions ere not great enough to markedly alter the course of rust 
multiplication. 

Practical considerations resulting from the forefoing analysis include: 
(1) use of rusted wheat, which contains more protein than nornal wheat, 
as hey, with utilization of wheat land for a summer crop during vears in 
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which epiphytotic leaf rust is indicated by the end of the late winter 
period; (2). attention to the importence of the late winter period in 
schedules for applying sulphur dust for experimental or practical rus t a 
control; and (3) importance of the late winter period in artificial - 
watering to induce local leaf rust in wheat veriety testing 
nurseries. .. 

AGRICULTURAL EXPERIMEN? STATION) 
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